index, but 4 asymptomatic patients had pressure differences greater than 60 mmHg and a low index.
suMMARY The evidence for subendocardial ischaemia was studied in 12 patients with discrete subvalvar aortic stenosis. Symptomatology, electrocardiographic criteria, and pressure difference across the left ventricular outflow tract were compared with the subendocardial flow index /diastolic pressure time index astolic pressure time index
. All symptomatic patients had a large pressure difference and abnormal ksystolic pressure time index index, but 4 asymptomatic patients had pressure differences greater than 60 mmHg and a low index.
One of these 4 patients had a normal resting electrocardiogram. In patients with borderline accepted indications for surgery, calculation of the subendocardial flow index may be an additional useful variable in the timing ofsurgery.
Valvar and subvalvar aortic stenosis are common congenital heart lesions. Discrete subvalvar stenosis accounts for approximately 20 per cent of these cases (Braunwald et al., 1963; Campbell, 1968; Kelly et al., 1972; Mody and Mody, 1975) , and is thought to be caused by incomplete degeneration of the bulbus cordis in the region of the left ventricular outflow tract (Keith, 1924) . Patients (Brazier et al., 1974) and in children with valvar aortic stenosis (Lakier et al., 1974; Lewis et al., 1974; Krovetz and Kurlinski, 1976) , has been studied from data obtained both at cardiac catheterisation and from myocardial cell histology. It was the purpose of this study to analyse retrospectively the data of patients at this clinic with discrete subvalvar aortic stenosis and to assess the degree of subendocardial ischaemia.
Subjects and methods
The study included 12 (Brazier et al., 1974) and has been termed the subendocardial flow index (Krovetz and Kurlinski, 1976 (Buckberg et al., 1972b; Brazier et al., 1974) and if DPTI x C is below 10 (Brazier et al., 1974) .
Results

PREOPERATIVE CLINICAL ASSESSMENT
The relevant clinical data are presented in Table 1 .
There were 6 male and 6 female patients, with an age range of 4 to 18 years (mean of9 years) at the time of investigation. Seven patients (cases 3, 5, 6, 8, 9, 10, 12) were asymptomatic but a cardiac murmur had been detected during routine examination. Two complained of dizziness (cases 4 and 11) and one had syncopal episodes (case 7). One had recurrent respiratory infection (case 2) and the last patient (case 1) presented in biventricular failure, having been short of breath for one month. The pulse was assessed as normal in as many as 10 of the 12 patients, but was of small volume in one and slow rising in one. A grade 3-4/6 ejection systolic murmur was audible in all and lasted two-thirds of systole or more. The murmur was of maximum intensity at the left parasternal border, but always radiated into the carotid arteries. An associated short soft early diastolic murmur was present in 5 patients. The splitting ofthe second heart sound was completely reversed in only 3 of the 12 patients. None had an ejection systolic click. Two patients (cases 4 and 9) had normal chest radiographs, whereas in the remaining 10 there was evidence of left ventricular hypertrophy.
Seven ofthe patients had associated cardiovascular abnormalities (Table 1) . Five had coarctation of the aorta; in one (case 11) this had been corrected before the study whereas 3 others (cases 2, 8, and 10) had the coarctation repaired after resection of the subvalvar membrane. The remaining patient (case 6) had mild coarctation demonstrable angiographically only. All other associated abnormalities were mild and were only detected at the time of study. One patient had minimal pulmonary stenosis and another had minimal supravalvar aortic stenosis. Two further patients had small ventricular septal defects on cineangiography which were not haemodynamically significant and consequently did not affect the present investigation. Review of the preoperative electrocardiograms showed the presence of left ventricular hypertrophy on voltage criteria in 10 patients (Alimurung et al., 1951) . Six patients had normal ST segments and T waves, whereas the remaining 6 had ST segments and T wave changes compatible with subendocardial ischaemia of varying degree (Table 1 ). The mean frontal plane QRS axes ranged from -30 to + 130°.
At cardiac catheterisation ( In all but one patient (case 12) the subendocardial flow index was reduced below 0'7. Where oxygen content was available, the corrected ratio SPTI x C showed that only one other patient (case 11) had a ratio greater than 10. The pressure difference across the left ventricular outflow tract and subendocardial ischaemia as predicted by the subendocardial flow index were compared with the presence of subendocardial ischaemia on the resting electrocardiogram. Nine patients had left ventricular outflow tract pressure differences greater than 60 mmHg and low subendocardial flow indices. Six of these showed evidence of subendocardial ischaemia on the resting electrocardiogram, whereas 3 had normal electrocardiographic tracings. One of the latter patients (case 8) had an effort electrocardiogram and the tracing after effort was also normal. Of the remaining 3 patients in the series, 1 (case 11) had evidence of ischaemia on the resting electrocardiogram and a left ventricular outflow tract pressure difference of 80 mmHg but the corrected ratio was normal. One patient (case 5) with a left ventricular outflow tract pressure difference of 58 mmHg and a normal electrocardiogram had a low index; the third patient (case 12) had a pressure difference of 40 mmHg, with a normal electrocardiogram and subendocardial flow index.
Discussion
Subvalvar aortic stenosis can be divided into 3 anatomically different types as differentiated from hypertrophic cardiomyopathy (Newfeld et al., 1976) .
In general, surgery for these categories of subaortic stenosis is associated with a low perioperative mortality (Shariatzadeh et al., 1972) . However, residual pressure differences across the left ventricular outflow tract, aortic regurgitation, and damage to the mitral valve complex, particularly in patients with the fibromuscular type, are not uncommon (Kelly et al., 1972) . Furthermore, bundle-branch block or complete heart block may supervene at operation (Shariatzadeh et al., 1972; Champsaur et al., 1973; Newfeld et al., 1976) . Consequently the morbidity associated with operation, especially for fibromuscular subaortic stenosis, is considerable (Kelly et al., 1972; Newfeld et al., 1976) . Campbell (1968) reported a mortality rate of 0 6 per cent per annum in the first two decades in patients with all forms of aortic stenosis. Serial haemodynamic observations in patients with subvalvar aortic stenosis have shown that the lesion is often progressive Mody and Mody, 1975) . Early operation for aortic stenosis has thus been advocated. But the accepted indications for surgery have varied. Recently, Newfeld et al. (1976) suggested that the presence of a pressure difference of 40 mmHg or more across the left ventricular outflow tract and of a discrete membrane was an indication for operation. In our view, the determination of the subendocardial flow index is an additional help in determining the time for operation.
Supply of oxygen to the various regions of the myocardium is determined by the coronary blood flow and the oxygen content of the blood. Subendocardial flow differs from flow in the rest of the myocardium in that it is confined to diastole (Hoffman and Buckberg, 1974) . The blood flow can be increased by vasodilatation alone and subsequently also by the coronary driving force and the duration of diastole (Brazier et al., 1974) . In the determination of the subendocardial flow index, heart rate is of considerable importance. Important obstruction across the left ventricular outflow tract causes prolongation of the systolic ejection time, with a concomitant decrease in diastolic filling time which would be further shortened by tachycardia. These factors would result in a reduction of subendocardial blood flow. Experimentally, Brazier and Buckberg (1975) showed that when the heart rate was increased in dogs, the left ventricular subendocardial flow fell 35 per cent in those with a fixed level of supravalvar aortic stenosis, whereas flow increased by 51 per cent in controls. In that study, the greater the level of outflow obstruction the greater was the reduction in the duration of diastole. In a study of children with congenital aortic stenosis, Lewis et al. (1974) found that the supply:demand ratios were normal in all cases where the heart rate was below 100 beats per minute; conversely, of those patients with tachycardia, only one had a normal ratio. The valve areas in these 2 subgroups were not significantly different.
For these reasons, all patients with heart rates below 100 beats per minute at the time of study should probably be subjected to isometric hand exercises or atrial pacing to assess both the pressure difference and the subendocardial flow index under conditions of stress. Buckberg et al. (1975) infused isoprenaline into patients with aortic stenosis with a resultant significant decrease in the DPTI and a significant rise in the SPTI. Brazier and Buckberg (1975) noted a similar effect by atrial pacing of dogs with a fixed level of outflow tract obstruction. However, exercise would be more physiological than an infusion of an inotropic agent or pacing. It should be noted that the only patient (case 11) who had a normal ratio when corrected for oxygen content, had a heart rate of only 88 beats per minute at the time of investigation.
Although several variables are used to assess the timing of surgery in patients with left ventricular outflow tract obstruction and its effect on the myocardium, including symptomatology, physical signs, electrocardiographic features, and cardiac catheterisation data, none of these is infallible. Studies have shown an indifferent correlation between symptoms and aortic valve area (El-Said et al., 1972) or peak systolic pressure difference (Hohn et al., 1965) as well as between symptoms, electrocardiographic or radiographic findings, and the systemic pressure difference (Braunwald et al., 1963) or the aortic valve orifice (Friedman et al., 1971; Cohen et al., 1972) . Recently, Krovetz and Kurlinski (1976) have found a good correlation between symptomatology and a low subendocardial flow index in patients with valvar aortic stenosis.
Depression of the ST segment and inversion of the T waves on the surface electrocardiogram are regarded as features of subendocardial ischaemia. However, experimental evidence and studies using intracavity electrodes (Scheuer and Brachfeld, 1966; Monroe et al., 1972) 
